This paper presents numerical calculations of the hydrodynamic pressure distribution, carrying capacity, and friction coefficient in the gap of a journal bearing. The analysed bearing is lubricated using motor oil. In this paper, oil ageing and temperature influence on viscosity are taken into account. Viscosity changes in the pressure and shear rate are not considered. These changes will be considered in other papers. 
For the hydrodynamic lubrication analysis, laminar flow of the lubrication fluid and non-isothermal lubrication model of the journal bearing were assumed. As the constitutive equation, the classical, Newtonian model was used. This model was extended by the viscosity changes in temperature and exploitation time. For the considerations, the cylindrical journal bearing with the finite length and smooth bearing, with the full angle of wrap were taken.
INTRODUCTION
During exploitation time, lubrication oil is subjected to the ageing process. Verification of the oil condition is based on oil analysis in laboratory or with the sensors of oil condition [L. 1, 2]. Oil condition is being compared to the new oil parameters and referred to the limit state, which should be not exceeded. Reaching of the limit state even only by the one parameter causes that the oil does not fulfil its basic function [L. 3]. In this case, proper actions have to be undertaken, e.g. purifying, refilling (marine engines), and oil change.
The above-described issues are well known and explored. Problem occurs if there is a need to take into account the changes in the oil due to ageing, exploitation, and flow parameters at the friction node design stage. This problem is a subject of the author's research.
In the thin layer of oil film, the constancy of density and heat transfer coefficient from the temperature were assumed [L. [4] [5] [6] [7] . Viscosity changes in exploitation time were modelled as an exponential function based on the experimental research.
For the experimental research, the lubrication oil Castrol EDGE 5W30 was taken. This oil was exploited in the 1.8l petrol engines of the personal car Honda FRV. Oil samples were taken in the first stage of exploitation approximately every 300km and then approximately every 3000 km. The sample is the clean oil and the last one is a sample after 16 235 km.
Viscosity changes were measured on the Haake Mars 3 rheometer in the laboratory of Gdynia Maritime University. Viscosity changes as a function of temperature, shear rate, and exploitation time were measured.
Results of the experimental research, as the function exploitation time, for the temperature of 90°C and constant shear rate, are shown in Fig. 1 . Viscosity changes in temperature are shown in Fig. 2 . In the literature, exploitation time is given in the working hours, motion hours, or millage. By the exploitation time that corresponds to the millage of 12 000 km, a lowering of the dynamic viscosity occurs. This lowering might be caused by measurement error or by the temporary lowering of the viscosity due to a petrol leak into the engine oil, before the sample was taken.
The curves of the viscosity changes, which are shown on the Fig. 2 , have been described as exponential equations. These equations and each coefficient are shown in Tab 1. 
Velocity strain tensor is described by the following relation [L. 5, 6]:
where: A 1 -first velocity strain tensor with the coordinates Θ ij [s
For further calculations, the dynamic viscosity was assumed as the function dependent on the temperature [L. 5, 6] and exploitation time η a = η a (T,t) [L. 8, 11] . The function of the dynamic viscosity is presented as the product of the dimensional value and dimensionless relations, which take each influence into account as follows:
where: η 1a − total dimensionless dynamic viscosity, η ο − characteristic dimensional value of the dynamic viscosity by the very small shear rate and characteristic temperature T o and pressure p o , η 1T − dimensionless dynamic viscosity, dependent on temperature, η 1t − dimensionless dynamic viscosity, dependent on exploitation time, δ t , δ t1 − dimensional and dimensionless material coefficient, including viscosity changes in time, δ T − material coefficient, including viscosity changes in tempera- 
where: h p1 -dimensionless height of the lubrication gap, which depends on the related eccentricity λ and parallelism of the journal axis and bushing axis γ [L. 5], L 1 -dimensionless length of the bearing, p 1 -dimensionless pressure, z 1 -dimensionless axial coordinate of the cylindrical system, φ -peripheral coordinate of the cylindrical system, η 1t (t) -dimensionless dynamic viscosity, which depends on the exploitation time.
Hydrodynamic pressure distribution was obtained from the Reynolds-type equation. This equation has been developed from the basics from the motion equations using classical relations used for the thin boundary layer.
Proceeding similarly with the second equation system, the Reynolds-type equation was obtained, with which the hydrodynamic pressure distribution can be obtained [L. 5, 6]: 
Dimensionless friction coefficient ( ) 
( )
Total dimensional carrying capacity, friction, and the total friction coefficient are obtained from the following relations [L. 5, 6]:
NUMERICAL CALCULATIONS
Numerical calculations were performed using Mathcad 15 software using a finite difference method and the author's own procedures. Dimensionless hydrodynamic pressure and dimensionless corrections of the hydrodynamic pressure were obtained from equations (7) and (8) .
Carrying capacity, friction, and the friction coefficient were obtained from equations (9) . Parameters of the function that describes viscosity changes in time for the different exploitation intervals were assumed from Tab. 1. Results of the numerical calculations of carrying capacity, friction, and the friction coefficient are shown in Fig. 3 . Corrections of these values are shown in Fig. 4 . Increases of the dimensionless carrying capacity and dimensionless friction resulted from the increase of dynamic viscosity in exploitation time of the exploited oil are shown in Fig. 3 . Due to the same influence of the dynamic viscosity on the carrying capacity and friction, the friction coefficient, as the relation of these two values, remains unchanged. In case of the dimensionless carrying capacity corrections (Fig. 4) , we observe a decrease in this value in exploitation time (approx. 14%). Despite that, the correction of the dimensionless friction increases (approx. 32%) in exploitation time. Because the corrections are calculated according to the equation (14), we receive a very small increase of the friction coefficient correction (0.16%). It has to be indicated that, for the basic values (Fig. 3) , we add correction values (Fig. 4) multiplied by the small parameter Q BR . 
OBSERVATIONS AND CONCLUSIONS
From the experimental research and analysis of the literature, viscosity changes can reach even 50% over time. Allowed limit states can be increased 25% or decreased by 30%, because the character of the viscosity changes in exploitation time is not linear, especially in marine engines, where: purifiers are in use. The friction coefficient does not change while taking into account viscosity changes in exploitation time. Total dimensionless carrying capacity increases about 18% for the oil after a millage of 20000km (for Q BR = 0.2). Total dimensionless friction in this case increases to about 18%. The Q Br parameter takes values from 0.2 to 0.6.
Conducted numerical analysis indicates that it is possible to take into account the influence of viscosity changes due to oil ageing on exploitation parameters of the journal bearing. Taking this fact into account at the design stage or during exploitation of the oil will allow the reduction in wear and increase the lifetime of the friction node.
